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1 

Spaoe s e i a n c ~  is 9hc3 o o i f s a k l o n  5 2  sai .enki2i.c p~abit , ; ; . .~  
I 

t o  which space veh ic l e s  can make some I s p e c i f i c  c o n t r i b u t i o n s  
I n o t  achievsble  by ground-based experiments. 

t i m e '  t h i s  f i e l d  inc ludes  Sroad segments of the t rad i t iona l  

d i s c i p l i n e s  of, the earth sciences,  'physics, and astronony. 

I n  l a t e r  y e a r s  the b i o l o g i c a l  sciences w i l l  j o i n  this group 

i n  a n  important role, as our explora t ions  of t h e  moon and 

planet s  provide us with opportunities for  stuGying the  ccndi- 

t i o n s  under which physicel lice ~ .-- . 

At the present 

, \ 
I 

~ L V S  tieveloped. The 

research  i n  the phys ica l  sc;~,;ces. 
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GEODESY 

Important r e s u l t s  have been achieved i n  determining t h e  

i n t e r n a l  s t r u c t u r e  or‘ our own p l a n e t  w i t h  the a i d  of near-earth 

satel l ’ i tes .  A s a t e l l i t e ’ s  orbit is datermined by the  d i s t r i b u t i o n  

of mass wi th in  the  e a r t h .  I f  the e a r t h  w e r e  a p e r f e c t  sphere, 

under .<he a t t r a c t i o n  of the  nia.sG p o i n t  a t  tho eax’ch‘n center  

of g r a v i t y  the s a t e l l i t e  would move i n  an e l l ipse  whose p lane  

would keep a cons t an t  o r i e n t a t i o n  i n  space.  0 

Actua l ly ,  the p lane  of a s a t e l l i t e ’ s  o rb i t  r o t a t e s  s lowly 

i n  space,  due t o  th6  add i t iona l  force of a t t r a c t i o n  exerted by 

t h e  e q u a t o r i a l  bu lge ,  S tud ie s  of t h e  o r 3 i t a l  r o t a t i o n  r a t e s  of 

a number of s a t e l l i t e s  have yieldeci a very p r e c i s e  va lue  for 

the h e i g h t  of the e q u a t o r i a l  bu lge .  

between the  observed va lue  or’ t h e  flattening znd -die value  t h a t  

These ;;-2ic=c7.kE: a discrepancy 

should e x i s t  on the assumption of h y d r o s t a t i c  e<uiLiSrium. . . . -  It 

h a s  been suggested by Munk and KacDonald that thes i  r e s u l t s  imply 

t h a t  the i n t e r i o r  of the e a r t h  i s  no t  i n  h y d r o s t a t i c  equi l ibr ium 

b u t  has  a mechanical s t r eng th  wi th in  i t s  i n t e r i o r  s u f f i c i e n t  t o  

maint6in i t s  shape i n  sp i te  of the  stresses a t  the base of the 

mantle ,  

I 

. I 

, 
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Robert. Jastrow -4- 

There a r e  o t h e r  departures  of t h e  geoid f r o m  the shape of 

h y d r o s t a t i c  equi l ibr ium, i n  addi t ion t o  t h e  discrepancy i n  t h e  

flattening. These departures are of very  g r e a t  s i g n i f i c a n c e  

because they  represent  v a r i a t i o n s  i n  g r a v i t y  which depend o n  

t h e  e n t i r e  d i s t r i b u t i o n  of mass with in  t h e  p lane t ,  which a r e  more 

s i g n i 2 i c a n t  for t h e  g ross  s t r u c t u r e  of t h e  p l a n e t  than t h e  simple 

topographical  va r i a t ions ,  e.g. mountains, which r ep resen t s  on ly  

tho diatxibution or' tho n w s B  a t  tho aurfnco alOnom 

Detqi led a h a l y s i s  of these g r a v i t a t i o n a l  v a r i a t i o n s  y i e l d s  

a f i g u r e  of t h e  e a r t h  i n  which there i s  a p o s i t i v e  anomaly, or 

a lump, i n  t h e  region of t h e  western l a c i f i c ,  near Indonesia and 

t h e  Ph i l ipp ines ,  a l a r g e  depression o r  negat ive anomaly i n  t h e  

Ind ian  Ocean, and a negat ive anomaly, i n  t h e  An ta r t i c .  (Figure 1) 

Although t h e s e  depressions and e l eva t ions  a r e  r e l a t i v e l y  

minute, t h e y  a r e  exceedingly s i g n i f i c a n t  because they  represent  

v a r i a t i o n s  i n  t h e  f o r c e  of grav i ty ,  o r  t h e  amount of matter/cm 2 , 

i n  t h e  reg ions  i n  quest ion.  

Ind ian  Ocean i s  only 60 neters deep, b u t  it s i g n i f i e s  t h a t  the  

force of g r a v i t y  there is, r e l a t i v e l y ,  so weak t h a t  t h e  waters  

For example, t h e  depression i n  t h e '  

of th'e sea  a r e  not  drawn together  t o  t h e  depth ' t h a t  one would 

e q e F t  f o r  them if the whole ea r th  were subject t o  a uniform 

g r a v i t a t i o n a l  force. 
I '  
i 

I . .  
. - . . . . . - . , , . -.. . L- ...-. .., , .... . .. - 
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These anomalies a r e  co r re l a t ed  w i t h  t h e  r a t e  a t  which h e a t  

f l o w s  through the body of  the e a r t h  t o  the surface.  The cor- 1 
r e l a t i o n  i s  such t h a t  where the  geoid i s  anomalously high, the 

h e a t  f l o w  i s  anomalously low. 

. 

O n  the average, the f l o w  of h e a t '  

outward through the c r u s t  of the e a r t h  is 60 ergs/cm 2 sec, I n  
A. -* 

the 'depression of t h e  geoid near Ind ia ,  the f l o w  of h e a t  i s  

s u b s t a n t i a l l y  higher ,  80 ergs/cm sec. A t  the e l e v a t i o n  o f  the 2 

geoid i n  the western P a c i f i c ,  the  f l o w  of h e a t  is s u b s t a n t i a l l y  

l o w e r ,  about 40 ergs/cm2 'sec. 

We.expect t h i s  kind of c o r r e l a t i o n  i f  there i s  a 

. port, o r  convection of matter ,  from the deep i n t e r i o r  

e a r t h  to the su r face  i n  these regions.  I f  there w e r e  

. 
mass t rans-  

of the  

an upward 

motion through the i n t e r i o r  of t he  e a r t h  which c a r r i e d  r e l a t i v e l y  

warm m a t e r i a l  from below t o  t h e  sur face ,  t h i s  upward-moving 

column would have a lower density t han  i t s  surroundings,  and 
2 ' therefore the mass per c m  i n  t h e  col.umn and t h e  g r a v i t a t i o n a l  

._. force on the  su r face  of 

on the average. A t  the 

. t r a n s p o r t s  upward would 

the earth about it would be lower t h a n  

same time, the h e a t  which t h e  w a r m  column 

add 'to t he  normal r e l e a s e  of r ad ioac t ive  

heati throughout the mantle and c r u s t ,  so t h a t  a h v e  the same 

upward-moving column there would be an except iona l ly  l a r g e  r a t e  

of heat f l o w  through $he surface.  
t 

The converse would hold for 
I 

t 



, 

I 
0 

a descending column, w h i c h  would carry a r e l a t i v e l y  dense and 

'therefore r e l a t i v e l y  cold material from the surface layer to 

I '  ! 
* I  

a 

the inter ior  of the earth. Above the cold and dense column the 
! 

. gravitat ional  force would be r e l a t i v e l y  great, and a bump would 

appear- zn the sea l e v e l  there. This may be the cause of the 

' 

I *e:'. 

.I 

elevation i n  the western Paci f ic*  

i 

* l 
I 

s I '  
I 
I 
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I *  

METEOROLOGY I 
I ,  

I 1 
I t  
I 

Xn geocent r ic  order, the  ne* major a rea  of ' i n v e s t i g a t i o n  

i n  space sc ience  concerns t h e  atmosphere and the c o n t r o l  

exerted over  it by'.the sun. This f i e ld  of research  inc ludes  
I, .* 

. ques t ions  r e l a t e d  to the c i r c u l a t i o n  of the  winds i n  the lower 

atmosphere and t o  the ;vext ica l  stxuctuxe o f  *, the atmsphae a t  

h ighe r  a l t i t u d e s ,  

I 4 

\ 

I 

Regarding atmospheric c i r c u l a t i o n ,  e i g h t  TIROS s a t e l l i t e s  
! 

have been launched i n  the pas t  four  years ,  a l l  ca r ry ing  v id icon  

. cameras for the g loba l  study of the cloud cover: TIROS 11, 

111, IV, gnd VI1 c a r r i e d  i n  add i t ion  a set of i n f r a r e d  detectors 

€or the measurement of t h e  i n t e n s i t y  of i n f r a r e d  r a d i a t i o n  

emi t ted  from the earth-atmosphere system, 

The cloud cover photographs have a l ready  y ie lded  r e s u l t s  
4 1  / I  

, I  

of g r k a t  i n t e r e s t  when corxelated w i t h  ground observat ions,  

and they have the promise of l ead ing  t o  a s u b s t a n t i a l  improve- 

ment i n  weather f o r e c a s t i n g  by providing g l o b a l  and nea r ly  
i 

continuous coverage of r&ions of, weather a c t i v i t y ,  me matter  

of , 'global coverage i s  c r i t i c a l l y  impqovement, because the success  

of weather f o r e c a s t i n g  h a s  been found t o  i n c r e a s e  r a p i d l y  with 

I .  

the size of the region covered by tqe observa t ions ;  y e t  a t  

the  p resen t  t i m e  l a r g e  p a r t s  of the globe a r e  very poorly covered, 
+ . 

. .. .- , . . I . , . ,  ^ .  . i.. - . .. _-. . ._ , . . . ,  . ,-, .~,, . . , -. . .. . . . 
! ' " - -1 
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n e y  c o n s t i t u t e  ,regions i n  whic3 weather aot iv i ty  can develop 

and grow without  d e t e c t i o n  'before moving o u t  i n t o  the inhabi ted  
l 

areas ,  

regions,  the major 'deserts, and the southern oceans. 

coverage will greatly st rengthen the hand of fhe meteorologis t  

The s p a r s e l y  covered territories inc lude  the p o l a r  

S a t e l l i t e  

, 
', 

by f$b&hnq I n  ilm? B h i h  B(>xtisn3 sg mts q&@3Si4 weofhex meg 
i 

and inay be expected t o  have important consequences for t h e  

economies of t h i s  country and the world. 
! 

I The cloud photographs can a l s o  be important for the b a s i c  
* I  

, o b j e c t i v e s  of long-range fo recas t ing  and the understanding of 

1 .  the causes of weather a c t i v i t y ,  because t h e y  have a s t rong  

in f luence  on both the amount of s o l a r  energy admitted t o  the 
I 

earth-atmosphere system, and the amount of energy returned t o  

space from t h e  su r face ,  

The energy balance of the  earth-atmosphere system i s m d e  up 

of the d i f f e r e n c e  between t h e  incoming s o l a r  r a d i a t i o n ,  mostly 

'in the v i s i b l e ,  and the .outgoing t e r r e s t r i a l  r a d i a t i o n  i n  the 

i n f r a r e d .  
I .  

The l a t i t u d i n a l  varfat , ion of the energy balance shows 

an, excess of incoming s o l a r  r a d i a t i o n  over  outgoing r a d i a t i o n  
. .  

nea r  the equator, and a def ic iency  a t  the poles. 

v a r i a t i o n  of the energy balance w i t h  l a t i t u d e  t h a t  d r i v e s  the 

atmospheric h e a t  /engine. 

It i s  t h i s  

1 
b i  

I 
* 

. ! f  . ' 

. 
.. . - .-. . , - . 
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That p a r t  of the v i s i b l e  r a d i a t i o n  from the sun which is no t  . 
q ' 

regleaCeci 'tsy eSe'ur863 02 gaaccarea in the ammap~ezg, rssahas eho 

s u r f a c e  of the e a r t h  and i s  absorbed then, h e a t i n g  the ground 
tJ 

c 

t o  a temperature i n  the neighborhood of 23SoI(, 

body at a temperature of 2350K m o s t  of the energy is rad ia t ed  at 

For a glowing 

wavelengths i n .  the f a r  infxared. P h i s  i n f r a r e d  r a d i a t i o n  is 
\ 

a strongly absorbed by several constituents oE the atmosphere, I 

inc luding  water,  Carbon dioxide,  and ozone. The absorpt ion of 

i n f r a r e d  from the ground b y  these molecules h e a t s  the l o w e r  

atmosphere, which re-radiated the absorbed energy, p a r t l y  upward 

t o  o u t e r  space, and p a r t l y  downward to provide a d d i t i o n a l  h e a t i n g  

of the sur face ,  

The a d d i t i o n a l  h e a t i n g  of the su r face  by the r e t u r n  of i n f r a -  

red from t h e  atmosphere is referred to a s  the "greenhouse effect ," 

On the e a r t h  it i s  s u f f i c i e n t  t o  r a i s e  the temperature by about 

55OX# so t h a t  the  average tempexature of the s u r f a c e  of ou r  

p l a n e t  becomes 

Clouds a r e  s t rong  absorSers of i n f r a r e d  and in f luence  the 

i n f r a r e d  t ransmission and the l o c a l  greenhouse effect, (This i s  

i n  add i t ion  to the primary e f f e c t  of clouds as r e f l e c t o r s  of 
j' 

i n c i d e n t  v i s i b l e  solar r a d i a t i o a , )  . . 
Thus, the cloud cover h a s  an impor t an t . e f€ec t  on the deposi- 

t i o n  of energy i n  the atmosphere because it inf luences ,  both the 
1 

@! 

I . .. . , .-- .- . I . .. . _. __ " . -  . . _  .. . . 
. .  
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i in f low and t h e  outf low of energy .through t h e  atmosphere. Thus 
. I  

1 
I f a r  t h e  c h a r a c t e r i s t i c s  of  c l o u d s  -- amount, types,  and approxi- 
I 

i 
! 
i ,  

I 

mate he igh t s  -- have a l l  been neasured by ground-based observers .  

S a t e l l i t e  observa t ions  by t e l e v i s i o n  cameras introduce t h e  

p o s s i b i l i t y  of obta in ing  extensive global cloud cover data i n  

I 
I 

A. .' . 
, 
I I 1 I 

j :  
I 

I I :I ' .  , . r e l a t i v e l y  s h o r t  per iods  of t i m s .  
I S I  
I I 

f A, Arking of the Goddard I n s t i t u $ e  f o r  Space S tudies  and 1 ,  

I 
! 

; ,  ' 
; New York Univers i ty  has  r ecen t ly  c a r r i e d  out  the first 

, s ta t i s t ica l  a n a l y s i s  of T I R O S  cloud cover data us ing  a d i g i t -  

- 1  I 

1 

a . 1  

I , -  I ' 
! . ' 

I 
I 

* i z ing  technique appl ied  t o  T I X O S  IiI photographs. 

' r e s u l t s  are oompared i n  Figure 2 w i t h  a c l imato logica l  mean 

The TIROS 111 

c loudiness  for t h e  Northern Hemisphere c o w e d  by K. Telegadas ., 
I ,  

and 5. London, then  a t  New York Univers i ty ,  from ground observa- 

t i o n s  extending over a 50 year per ioq.  

datal shown i n  t h e  f igu re  were compiled by K. Landsberg of t h e  

" 8  

e ,  

I The Southern Hemisphere 
1 ;  ' I 

i 
I 

I 

U,S, Weather Bureau. 

The r e s u l t s  i n  Figure 2. show t h a t  t h e  cloud cover i n  middle 

l a t i t u d e s  is t h e  same i n  t h e  Northern and Southern Hemispheres. 

However, i n  t r  p ica1  l a t i t u d e s  t h e r e  i s  an asymmetry, with a 

l o c a l  m a x i m u i i  bf t h e  cloud cover i n  t h e  t r o p i c s  centered  a t  

j 

p 
I 

. 
I 
l 
I 

. -  .- -.I.-.-__.._ 
. . 
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LOON l a t i tude .  This i s  the average p o s i t i o n  of the  t 'thormal 

equator" during the period 12 July to 30 Septerriber. 

These xe'sults are preliminary, but the approach seems to 

be promising,, and it is  hoped that  improved techniques will lead 

, I 
8 .  I 

to tho availability of fine-scale tempwal and geographical 

I '  4. 

var;%iiitbn;a L tb QlatxAbutSon '91 tho 'energy haLanm 
I P 
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THE UPPER ATNOSPHERE 

The phys ica l  processes  which c o n t r o l  tlne upper atmosphere 

a r e  determined l a r g e l y  by  the  absorpt ion of s o l a r  u l t r a v i o l e t  

. *  
I 

i 

, . r a d i a t i o n  by the'1atoms and molecules e x i s t i n g  a t  g r e a t  heights,  
6.. 

Although the u l t x a Q i o l e t  component of the s o l a r  r a d i a t i o n  is 
I ' 4  

'\ ' only a small fraction of the total' solar energy flux, the 

absorpt ion crosd s e c t i o n s  i n  the fak u l t r a v i o l e t  a r e  so l a r g e  

t H a t  these wavedengths are e f f e c t i v e l y  removed f r o m  the i n c i d e n t  
I 

I 

spectrum by the*:time the i nc iden t  f l u x  h a s  pene t ra ted  t o  a 
, '  
I '  , +  

h e i g h t  of 100 km. The u l t r a v i o l e t  r a d i a t i o n  provides  the 

p r i n c i p a l  source of hea t ing  of the t h i n  upper a i r  and the 

major d e t e x e n i n g  factor i n  i t s  s t r u c t u r e ,  

I I I 
I ; 

I 

, 

# 
I 

a A t  lower a l t i t u d e s  the a i r  i s  composed of oxygen and 

. * '  ni t rogen ,  and w e  can measure the propor t ions  of these r a t h e r  
I I 

accuzately,  

sett led o u t  of the air through d i f fus ion .  The l i gh te r  gases 

dominate the composition of the a i r  a t  s u f f i c i e n t l y  hish a l t i t u d e s .  

A t  #e highest a l t i t u d e s  these gases  have p a r t i a l l y  

Of these gases  hydrogen iS the l i g h t e s t ,  and fo r  th is  reason it was 

once believed to  be the dominant c o n s t i t u e n t  of the a i r  above the 

oxygen-nitrogen l a y e r  . The einergence of the hydrogen atmosphere 

was thought to come a t  an a l t i t u d e  of about 1-200 km. However, 

i n  J u l y  1961, Marcel Nicolet of 3ckgium'suggested on the b a s i s  of 

a n  i n i t i a l  4xamination of the density d a t a  of Echo I t h a t  between 

1 

I 

I 
i I 

I 1 

.- . I 
! < 
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t h e  oxygen-nitrogen a t m s p h e r e  and t h e  hydrogen atmosphere t h e r e  

should lie a l a y e r  or'. h e l i u m ,  

experimentally a short t i m e  lat 'cr  by la. Bourdeau of the NASA 

Goddard Space Fl ight 'Centex,  and h a s  since been confirmed i n  

o t h e r  *'&periments. (Figure 3) 

The helium layer was discoverec? 

. 
* .  

Our knowledge of atmospheric p r o p e r t i e s  a t  a l t i t u d e s  of 

above 200 km. i s  mainly derived from the measurements of atmos- 

pher ic  drag  a c t i n g  on s a t e l l i t e s ,  

s a t e l l i t e  decreases  s t e a d i l y  at a r a t e  p ropor t iona l  t o  the drag 

The period of r evo lu t ion  of a 

fo rce  exer ted  by the atmosphere, which is, i n  turn , .  p ropor t iona l  

t o  a i r  dens i ty ;  a measurement o f  t h e  r a t e  of change of period 

t h e r e f o r e  g i v e s  the value of t h e  a i r  d e n s i t y  s u i t a b l y  averaged 

around the orbit ,  

The d e t a i l e d  s tudy  of satellite drag  h a s  been a very 

va luable  source of information on atmospheric p rope r t i e s .  

L. G. Jacch ia .  of t h e  Smithsonian Astrophysical  Observatory was 

t h e  first t o  discover ,  by, ca re fu l  a n a l y s i s  of t i m e  v a r i a t i o n s  

. .  . 

i n  t h e  drag, t h a t  the upper atmosphere i s  extremely responsive 

t o  s o l a r  con t ro l ,  undergoing excursions i n  d e n s i t y  which w e r e  

; . % l a t e r  found t o  be a s  much a s  a factor of 100 and excursions i n  

. 
i , '  

!: ' . 
I 

i '  

i' s o l a r  a c t i v i t y ,  

'. temperature by hundreds of degrees,  according t o  t h e  l e v e l  of 
1 ,  

8 .  

b 
I .  

I 

I, 

!: 
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. 
Tne significance of the correlation between solar  ac t iv i ty  and 

the proi3erties of the ear th ' s  upper atmosphere can be understood 

as follows: 

especially during the maximum of the sunspot cycle, when it is  

marked by sunspots and by hot, dense regions with temperatures of 

some millions of degrees, which are located i n  the solar  corona 

above the  sunspot areas. 

The surface of the sun  i s  the scene of great ac t iv i ty ,  

,i. J 

When such an active region faces towards * 

. the ear th  i n  the course of the s u n ' s  rotation, extreme u l t rav io le t  

radiation emitted from these active regions is absorbed i n  the 

. upper atmosphere. The precise correlation between solar  ac t iv i ty  

and density w a s  discovered by L. G. Jacchia of the Smithsonian 

Astrophysical Observatory and by W. P r ies te r  of Bonn University 

Observatory and the Goddard Ins t i tu te  for Space Studies. Their 

r a su l t s  suggest tha t  the amount of energy transferred t o  the 

ear th  is  s u f f i c i e n t  t o  heat t h e  atmosp,here appreciably, causing 

an  upward expansion and a large increase i n  the density of the 

exceedingly th in  a i r  a t  high al t i tudes.  This discovery provided 
. .  

the first di rec t  evidence regarding the influence of solar  surface 

a c t i v i t y  on atmospheric properties. 
i 
The continuing analysis of the correlation has given u s  a 

ra ther  f u l l  picture of the degree of so la r  control over the 
. -  

upper atmosphere. It indicates t ha t  the atmospk;ere is appreciably ti 
I 

- . .  
--...e ---. . . . . .. . __. ....- -.- ... . -  . . 
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I I heated by the ultraviolet emitted at times of general solar 

surface activity, and further heated by interaction of the 
I 
I 
I 
i 

earth with the clouds of solar particles, which are also emitted 
I from the sun follow-ing solar surface eruptions. 

the clouds of particles at the earth is signified by the onset 

of geomagnetic disturbances or "magnetic storms." It is found 

that increases in the temperature of the atmosphere occur shortly 

after the time that the magnetic storms cormence. Thus, it 

ap2ears that both ultraviolet radiation and corpuscular streams 

constitute sources of energy for the upper atmosphere. 

4, 5 )  

The arrival of 
A. .* 

I *  

I 
(Figures . .  

The question of the energy sources fo r  the upper atmosphere 
I 

is the m o s t  important I single problem for upper atmosphere physics 

at this time. The continuing investigation of this matter and, 

in particular, of the roles played by particle and radiation 

sources, respectively, will be one of the main areas of experimental 

and theoretical effort in the next several years. 

I . 



I . Robert Jastrow -16- 
1 

i ,  
i 

. I  ! 
The . .  evidence cited above, suggests( khat  corpuscular  streams 

I t 

I f r o m  the SUA transfer appreciable amounts of energy to the 
! I 

I 
I , atmosFhsre. The ques t ion  a r i s e s  a s  t o  how t h e  t r a n s f e r  of 
I I 

energy i n  t h e  atmosphere occurs. 

1 The genera l  answer,seems t o  be connected wi th  t h e  p r o p e r t i e s  
i 

of the  outermost l a y e r  o€ t h e  atmosphere. The d e n s i t y  of t h e  

' Gpper a i r  merges i n t o  the dens i ty  or' t h e  i n t e r p l a n e t a r y  gas  a t  

an a l t i t u d e  of about lOO,OOO km.,  marking the boundary of the 

atmosphere. Eaxly i n  1958, however, J.A.  Van Allen  of t h e  

S t a t e  Univers i ty  .of Iowa discovered, by a n a l y s i s  of geiger 

counter  d a t a  f r o m  Explorer I, t b a t  t h e r e  was an a d d i t i o n a l  l a y e r  

of e n e r g e t i c  charged p a r t i c l e s  i n  t h e  upper atmosphere. These 

charged p a r t i d e s  a r e  trapped i n  t h e  atmosphere by t h e  e a r t h ' s  

magnetic f ie ld , '  and t h e  atnospheric  l a y e r  which they  c o n s t i t u t e  

I 

! . 
. '  I 

. is t h e r e f o r e  cdlled t h e  magnetosphere. 
I 

During t h d  l a s t  few yaars  t h r e e  important developments have 
I 

s u b s t a n t i a l l y  changed ou r  e a r l i e r  impressions about t h e  char- 

a c t a  jof . the magnetically trapped p a r t i c l e s  and t h e i r  geophysical 

effeqts. 

I 

I 

F i r s t ,  B. O ' B r i e ;  a l s o  of the  S t a t e  Universiby of Iowa, 

us ing  measurements from t h e  In-juR I s a t e l l i t e , .  discovered t h a t  

-._-_' -. . . - .- .. ____ , .  . . .  . .  .. . . ..... - .. . . , .* , 
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I '  
i the flux of charged p a r t i c l e s  coming down from the trapped reg ion  

, was so l a r g e  t h a t ,  i f  t h i s  f l u x  cons is ted  of previoGsly trapped 

p a r t i c l e s  which had j u s t  been dislodged by solar disturbances,  . 

: !  

i it would d r a i n  the whole magnetosphers i n  about an hour. He 

a l s o ,  four,d t h a t  when a solar diskurbance occurred, b t h  the f l u x  . 
.A. .* ' *  

of untrapped descending p a r t i c l e s  and t h e  number of trapped 

p a r t i c l e s  increased.  Thus, he concluded t h a t  the leakage of 

trapped p a r t i c l e s  f m m  the Van Allen be l t s  cannot be t h e  

p r i n c i p a l  source of t he  e lec t rons  which pass  down through t'ne 

atmosp'iiere. . H e  decided t h a t  w h i l e  a f e w  charged p a r t i c l e s  a r e  

t rapped,  during or  a f t e r  a solar disturbance,  m o s t  pass  alirectly 

i n t o  the atmosphere without spending an appreciable  amount of 

t i m e  i n  the t r ipped  reg ion  . Apparently, t h e  charged p a r t i c l e s  

which a r e  obsekved i n  a u r o r a l  d i s p l a y s  and other atmossheric 
- 1  

phenomena a r e  dhose which. come d i r e c t + y  down the l i n e s  of fo rce  

i n t o .  the atmosphere . 
Second, a large population or' low energy protons,  having 

I C  

a range ikon 100 k'ev t o  seve ra l  nev ,  was discovered by A.  H. 

Davis and 5. M. Williainson or' the  Goddard Space F l i g h t  Center.  

The concent ra t ion  .of these protons peaks at 3.5 .e.arth r a d i i .  

At t h a t  po in t  their  d e n s i t y  i s  about l / cm3 ,  I This -va lue  of tho 

i 
. .  

. .  

U 

. .  
8 

- .- - . _- -. . .- . - __ . .. . . . . . ... . _ ,  . ... . . .- c , ,. . ___.~__. 
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: trapped proton dens i ty  has  i n t e r e s t i n g  implicat ions.  As a 

resu l t  or' the ncqnat ic  field gradien t  and curvaturo offacts, the 

. 
k 

trappec?. protons Zzifk wes twad in t h e  magnckic f i e l d ,  with an 

associated electric c u r r e n t  t h a t  producos magnetic effects. 

These have been ca l cu ia t ed  by S. Akasofu of the Univer.sity of 

Aleska znd S.  Chpman of the Universit ies of Colorado and Alaska 

and, Sn zn unpublishbd work, by R, A. Hoffman of t 2 e  Goddard.Spqce 

F l i g h t  Center. 

these trapped protons produce magnetic pe r tu rba t ions  large enough 

t o  exp la in  most magnetic s torm observed on the e a r t h  and a lso t h e  

vary  large per tu rba t ions  of the geoxagnetic f i e l d  i n  space i n  

They f i n d  that  t h e  changes i n  the i n t e n s i t i e s  of 

8 ,  

I 
hood of. the protoc 3elt. 

on d r i f t  c u r r e n t  an6 the geomagnetic storms w a s  

The r e l a t i o n  between the 

s q g e s t e d  by S. F. Singer  of the Univats i ty  of Mzryland i n  1956. 

The t h i r d  development was the discovery of a s u b s t a n t i a l  
v 

:lux or' e l e c t r o n s  w i t h  very high enezgies ,  i n  the neighborhood 

of 1 m i l l i o n  v o l t s ,  a t  t h e  d i s t k c e  of 3 or  4 e a r t h  r a d i i ,  

presumably produced by beta,  decay of albedo neutrons r e s u l t i n g  

from cosmic r a y  i n t e r a c t i o n s  ' in  the 9"Lmosp'nere. nese  e l e c t r o n s  

& Denetrate  t h e  geiger counters  w i t h  high e f f i c i e n c y ;  and when 

a l l o w a c e  is  made for t h e i r  presence,  t h e  estima'te of the total 
3 .  

. 
- ' -  - . . . .. 
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. f lux  02 electrons is reduced from t h e  e a r l y  es t imate  value of .  

10l0/,,2/,,=/,toa~dion to kha current valua o f  108/,,2/,,,/,tcradian. 

I 

t 

A- .I ./. .* 

. .  

i 

. 

I .  

. -  
. I  

i 
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Tie connection between 'the maqcetosphere and tho transfer 

of corpilscuiar energy to thc atnosphore is probably t o  be found 

i n  the properties of the ataosphere near the magnetopause, the 

boundary separating the i ~ ~ ~ r p ~ ~ ~ e t a r y . m e d i ~ ~  from the region 
\ 

aroulrd the earth i n  wMch t he  geomagnatic f i a l d  diarninmt. T h s  

sharply defined surface of the aagnetopause marks the termination 

02 both the trapped par t ic le  region zr~d the geamagnetic f ie ld .  

. 

S a t e l l i t e  measurements of ?he geomagnetic f i e l d  by L. J, Cahill 

of the  National Aeronautics 2nd Space AChinistration and of the 

University of New Eampshire show tha t  the magnetopause has a 

t h i ckness  on the  order of 100 kin znd occurs at a distance of 
'L 

3-10 ear th  r a d i i  t h e  s u a l i t  side or" the earth. _ .  . 

The sharpness of the magnetospheric boundary i s  i l lus t ra ted ,  

by Figures 6 and 7. Figure 6 represents the magnetic f i e ld  

neasurements we obtained by Ca>? i i l  and ?,Go Amazeen of the 

Zniversity 02 New Bampshire usiag a three-component magnetometer 

flow-.. on Explorer 12. A t  the nagnetbpzuse a sudden drop occurs, 

and outside the nnagnetosphere t h e  magnetic f i e ld  i s  highly varia- 

3 le  i n  rnagnitcik and direction, 

of chzrged par t ic le  detectors Slown  ~n Exclorer 14 by V a  A l l e n 8  

L. A. Frznk, and 3. mczgno 04 tks S - k e t e  University of l o w z .  

. Figuze 7 shows the counting ra tes  

e * I  

. . .  
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me d e t e c t o r  w>ich accepts the p a r t i c l e s  of lowest enc:rgy 'is 

f l u x  oC 50 kev e lec t rons .  2.t t ? A @  magnetopause the counting 

r a t e  of t h i s  de tec to r  &rops by 2 f a c t o r  of approximately 20 

t o  a value which i s  approxizztely inzependent of a l t i t u d e  and 

pro2uced by t h e  cosmic 
\ 

r a y  i n  space. 

Within t h e  magnetopzuse - 2 - e ~ ~  a r a  no s u b s t a n t i a l  f iuxes 

or' ene rge t i c  p a r t i c l e s  o-Lk;ez - 2 n a  t3ose of t h e  magnet ical ly  

t rapped p a r t i c l e s  i l l u s t r a t e d  ic Zigure 8, Detectors flown 

on Mariner I1 i n d i c a t e  t h a t  +&.e sun i s  t h e  source of a p a r t i c l e  

stream which flows through iz:cr?l.xietary space cont inua l ly ,  

although w i t p  v a r i a b l e  v e l c c i t y  2nd -- i--" . . ~ens i t y .  

detectors, and axso the 2 2 a s m  p ~ o 3 e  flown on Explore: 10 by 

B. Rossi, H. S, Sridge, A ,  G, Lilzazus, A .  B o i - e t t i  z-2 9, Scherb 

i 
Tne Mariner 11 

I 

oE the Xassac5usetts I n s t l t c t c  02 Technology, have shown t h a t  . I  

the S e p a r t i c l e s  aove T adL a I L y  outw azd 

varying f rorn 300 to 600 kn/sec 

from t h e  a t  

an average f l u x  

v e l o c i t i e s  

of 

108/crn 2 /sec o u t s i d e  the magnetopause. Tne i n t e r p l a n e t a r y  stream 

of solar p s r t i c l e s ,  c a l l e d  the s o i a  wind, cannot pene t r a t e  t h e  

rnagnetlc f i e l d  05 the eaxth but d i v i d e s  and flows around it a s  

c..e wa-kezs of a stream div ide  arcund a 'boulder. 4- -- (Tigure 8) The 

# 



. 

?%e shadow ox c a v i t y  czrvaz b:? t'ne magnetic Z i e X  of Yfie 

esr-lh i n  t h e  solar wind should, i?. p r i n c i p l e ,  extend back in -  

de2initel .y f a r  i n t o  the  s o l z r  system behind the e a r t h ,  

becztuse the p a r t i c l e s  of t h e  st,vc:;?i-i have a p p r e c i a b l e  t r a n s v e r s e  

h'owever, 

\ 

at a d i s t a n c a  of Zour tinzz -2hz c i z m t e r  . .  of t h e  cavity, or  roughly 

the d i s t a n c e  of the moon 2 x 0 ~  t h e  ezrth, as suggested i n  Figure 8, 

v e l o c i t i e s  essociated with t h e i r  thcrn,al I X O ~ ~ O ~ S ,  w e  expect these 

p a r t i c l e s  t o  diffuse t o ~ z - c k c r  ev;-:zuaiiy i n  the shadow 02 the 

ear-lk;. 

.&out k, heme w e  expeck ?fie S e c x z ~ n z L i c  c z v i t y  t o  be f i l l e d  i n  

Tce r a t i o  02 MSES transvezsa co r a d i a l  v e l o c i t i e s  is 

%he transfer of ensrSy f z c m  -:kz solar wicd  to the a tnosphere  

w i t h i n  the c a v i t y  i s  dir ' f iccl-L -LG 'astimate, 

f i e l d s  in the  s o l a r  plzsmz c z c  h l i e v e d  to g l u e  the  p a r t i c l e s  

The v a r i a b l e  magnetic 

together and give t h e i r  r n ~ t i o n  t k e  p x p e r t i e s  of f l u i d  f i o w ,  i n  

. . -  sp i t e  of t h e  l o w  density, wlzA? t c r h l e n c e  t h e r e c o r e  t o  be ex- 

pec ted  a t  tha r e g i o n  of ii.;lpz.ct 04 ?he solar wind 09 t h e  magnetopacse, 
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where t h e y  t r a n s f e r  energy W . - ~ ~ C L  n:ay appear a s  atmospheric 
I 

heat ing ,  i o b i z a t i o n ,  aurora l  ciistnrbances and magnetic storms -- 
I 

t h z t  is, thk  w h o l e  coEplex 0 -  d i s t c r b a z c e s  produced i n  t'ne 

atnos$ere a t  hiTh 1. a t  it ud e s i n  t imes Of s o l a r  a c t i v i t y .  

Another aspec t  or' the ir.rkxcczion 05 the  s o l a r  plasma wi t 'n  
A .  .. 

the aagnetosphere i s  the exp-ctat ion that a "shock wave" w i l l  

be 2axncd sone d i s t a n c e  'aayo:id t h e  a c t u a l  magnetopause. T h i s  

a r i s e s  I ' r o m  t h e  supersonic  flow of t h e  plasma. and the n e c e s s i t y  

t h a t  such Slow must becoir,e s lb son ic  i n  t h e  v i c i n i t y  o? the ea r th .  

Tne t r a n s i t i o n  r e q u i r e s  i? shock wave t o  be set up, which s t a n d s  

off sone d i s t a n c e  f r o m  t'ne :-.-!2gnEtopause and h a s  a t h i c k n e s s  

de te rx ined  by  t'ne a b i l i t y  a 2  t h c  n a g n e t i c  f i e l d  to change t h e  

Sclk xo t ion  of the p lasma  :_;a:ticles. Evidence of the per turbed  

magnetic f i e l d s  cor respondi -2  to the s k c k  wave and the i n t e rven ing  

t r a x i t i o r ,  resion h a s  been detected b y  N. F, Xess 04 the  Goddard 

Space Center f lown on the I n t e q l a n e t  a r y  

Kon i to r i rq  Platform (IN?) s p ~ c c c r a r ' t  launched on Xoverber  27, 1963. 

! 

i 

I '  
. .  

t 



Vis~us is the t h i r d  br i shcas t  o b j e c t  in 2kk- sky, the n c a r a s t  

# m e t  t o  tha e a r t h ,  and t h e  planet  nos”, c l o s e l y  rz2resent ing  the 

C X r t h  i n  sizc and mG3S. It hac ha;(on situdiad with tha terlascopcr 

s i n c e  c l z l i l zo ’ s  t i m e  and ye t  i t  remains an cnicpa,  because i t s  

sur face  i s  permanently shrouded by a i a y e r  of c l o u d s .  I n  t h i s  

state of igaorancc,  hope has f l o u r i s h e d  t h a t  Venus oifers  a 

hosp i t zb le  environment f o r  t h e  dcvelopnent of advanced foms  of 

l i f e .  

~.iowzver, some i n f o m a t i o n  regarding t h e  sur face  of tile 

p l z n e t  has been obtained i n  ; -acmt  years by t h e  s tudy  of the 

microwave r a d i a t i o n  emitted i x  -L:z l ong-wava  r e s i o n  of i t s  therrnal 

s2cctrum. This  r a d i a t i o n ,  w i t h  wavelezqtks. i n  t h e  region of one 

t o  t e n  cent imeters ,  pene t r a t e s  t h e  c louds  without s i g n i f i c a n t  

a t t enua t ion ;  i t s  i n t e n s i t y  i s  propor t iona l  t o  t h e  temperature of  

t h e  emi t t ing  surface.  

The first a t t e x p t s  to rneasirs t k e  microwave r a d i a t i o n  from 

Venus wcre E-.&s i n  1956 with the Naval 3esearch Laboratory r a d i o  

t e l e scopa ,  The temperature infer red  frox t h e  measured Lcadiation 

. .  
Cf, t o  2 e l x L t  any t e r r e s t r i a l  forms of l i f e .  Repeated measureinents 

1 

-I . . - .- . - _. ,. . . .._ I _, .. .. _ _  . . . . . . . . . - . . I 
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GUZ idea:; regardizg tho  surfece ar,d lower atmosphe,-e of Venus. 

It is difficult to undorstand why the temperature of Venus 

s h o c ~ C ~ 5 ~  so much h igher  thar, t h a t  of t h e  ear th .  Our  path t o  an  

explanat ion would l i e  i n  t h e  assumption of an extremely dense 

atniosphera which absorbs s t rongly  i n  t h e  i n f r a r e d  region 0 2  t h e  

spectrum b u t  i s  t r anspa ren t  to visible r a d i a t i o n .  The p a r t  of 

t k e  i nc iden t  sun l igh t  which i s  r.0: r s f l z c t &  back by t h e  c louds  

will t h e r e f o r e  penc t r a t e  through t h e  atmosphere and h e a t  t h e  

s c r f a c e  of t h e  2lane-L. But wiicri zhe sjurface l a y e r s  xz rad ia t e  

this energy a t  i-n-frared wavelengzhs, -,he r a d i a t i o n  is absorbed 

by t h e  atmosphere and returned ii? l a q e  measure t o  t h e  sur face ,  

t h u s  g iv ing  an addi t ior ,a l  f lux o f  energy i n t o  t h e  ground and 

r a i s i n g  i t s  tenpera ture .  

anslogous t o  the a c t i o n  of the glass panes of a greenhouse, 

This axmossheric phenomenon i s  

and i s  ~ ~ 1 1 ~ 2  t h e  "greenhouse efZcct," 

The clouds df Venus r e f l e c t  three-cfiizrters of t h e  i n c i d e n t  

sun l igh t ;  t h e  rernaining.quarter of t h e  inc iden t  r a d i a t i o n  would * 

bring h e  su r face  t o  a temperataye of 2 3 5 O  K, if t h e r e  were no 

atx.osFheric greenhouse e f f e c t  . If t h s  greenhouse. e f f e c t  i s  t o  

.I 

* 
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raise the  ground temperature to GOOo I<, the optical thickness 

of t h e  atmosphere must be 50 mean f r e e  pa ths  throughout t h e  

far infrared reqion. 

opacity../. on ly  o$e photon i n  10  

t i on .  

have been made, among them being the hypothesis that the 

apparent ly  h i g h ' r a d i o  temperature of Venus w a s  t h e  r e s u l t  of 

Xn an atmosphere with t h i s  degree of 
I 2 1  

escapes d i r e c t l y ,  without absorp- 
I 

This condi t ion  is so severe t h a t  a l t e r n a t i v e  suggest ions 

microwave emission from i t s  ionosphere r a t h e r  than  from t h e  sur- 

j 
I 

face.  

The Mariner I1 Venus fly-by launched on August 27, 1962 

This included experiments designed to  test t h i s  hypothesis .  

spacec ra f t  passed Venus a t  a distance of 20,900 m i l o s  on December 

14, 1962, and made c r u c i a l  measurements of t h e  temperature ac ross  

t h e  d i s c .  

d e t e c t o r s ,  one i n  t h e  in f r a red  and one i n  t h e  microwave region.  

Measurements of t h o  r a d i a t i o n  emitted by t h e  p l ane t  i n  the  micro- 

wave region included t h e  19 .mi l l imeter  wavelength, which passes 

The spacecraf t  was equipped with two s e t s  of r a d i a t i o n  

through t h e  atmosphere with l i t t l e  a t t enua t ion  and hence provides  

a measiire of the  temperature a t  t he  ground, provided t h e r e  i s  no 

a d d i t i o n a l  emission from t h e  ionosphere. 

atmospheric a t t enua t ioh  is, however, to be expected, b 

A modest degree of 
1. 

and i n  t h e  
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scan 05 Marinor I1 across the d i s c  o€ the  planet, this slight 

degree of attenuation should show up as a lower izcznsity of 

measured radiation 'at the edge or l imb of Venus, where the 

thickngss of the intervening atmosphere; is greater. 

the h+gh microwave intensities and apsarent temperatures result 

I 

I '  

Nowever, if 

I 

from emission.by elbctrons in the ionosphere of Venus, then the 
a .  

readings at the limb should indicate an enhancement or brighten- 

ing because of the greater thickness of the ionosphere in line 

of sight . I 

* I I  * 

* I  . $  

* .  - I  i 

! - ) <  

The Mariner II results showed a conclusive darkening of the 
I 

limb of Venus at 19 millimeters, thus eliminating the possibility 

of ionospheric emission and confirming that the measured radio 
I 

tenperature of 600° K is associated with the surface of the 

planet. 
. 

I 

i i 
a 

___-___.______._-_ .......... -. .. .-.. . . .  . . . . . .  ......-_--- . . . . .  . I . .  . . . . . . . . . .  
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.EXPLORATION 01" THE MOON 

The moon i s  a'unique1.y important body i n  t h e  study 
,k, 

or' th'e h i s t o r y  of she s o l a r  systeera because I t s  sur face  h a s  pre- 

served the record of its h i s t o r y  remarkably w e l l ,  

h a s  a n e g l i g i b l e  atmosphere and no oceans. It is, therer'ore, 

unchanged by the processes  or' erosion which e r a s e  t h e  h i s t o r y  

or' the e a r t h ' s  surr'ace i n  a r e l a t i v e l y  short period of t i m e  -- 
betwe,en t e n  and t h i r t y  mi l l i on  years.  I 

1 

The  moon 
A. .' I 

I I , I  

I 

, 
I 
1 This  is evidenced, i n  p a r t ,  by t h e  t e n s  or' thoasands 

, or' c r a t e r s  on the luna r  surface,  produced by the impact or' 

meteorites w h i c h  presumably have been c o l l i d i n g  w i t h  t h e  moon 

I s i n c e  i t s  r'ormation, T h i s  is perhaps t h e  only phys ica l  record 

which w e  have of events  i n  the development of t h e  s o l a r  system 

going back t o  t h a t  e a r l y  time. 8 

Because of t h i s  a n t i q u i t y  02  t hemoon ' s  surface,  there 

is  another remarkable record preserved -- a l aye r  02 cosmic 

dus t  which i s  be l ieved  to have ra ined  on it r'rom the s o l a r  

system s i n c e  i t s  formation. ; T h i s  d u s t  may be as much as a f o o t  

. or inore I i n  depth and may contain organic  molecules and the 

precursors  or' ir'e on ea r th .  
J. 

f * 

i 
! The m o s t  important measurements of lunar  p r o p e r t i e s  from 

resu l t ed  from 2ussian f l i g h t s  df Lunik SI and 
1 

spacec ra f t  hav 

1 
I 



9. . I ,  

Lunik IiI. 

concluded t h a t  an  upper l i m i t  of approximately 100 gammas could 

be placed 02 t h e  moon's magnetic f i e l d .  I n  f u t u r e  f l i g h t s ,  

From ' the Lunik I1 magnetometer data Soviet  s c i e n t i s t s  

improvements on t h i s  l i m i t i n g  value of the moon's magnetic 

I 

f i e l d  nay provide information on the presence or absence of 

a. l i q u i d  co re  wi th in  t h a t  body: on the  earth the magnetic f i e l d  

i s  supposed t o  be assoc ia ted  w i t h  c u r r e n t s  i n  the l i q u i d  core 

of t h e  p lane t .  is i n  t u r n  could have a bear ing  on our  under- 

s tanding of the m a t i o n  of t h e  moon and s i m i l a r  bodies  i n  the 

solar system. 

A. .' 

I 'aLunik I11 has  provided u s  w i t h i  the  first p i c t u r e s  of t h e  
I 

remote s i d e  of t h e  moon. In  s p i t e  of some b l u k i n g ,  t h e  photo- 

graphs are still of g r e a t  interest, for  it i s  poss ib l e  t o  d i s -  

t i n g u i s h  a l a r g e  number of fzaturcs resembling the c r a t e r s  and 

maria on t h e  f r o n t  face. Perhaps t h e  most i n t e r e s t i n g  f e a t u r e  

i s  t h e  Soviet Yauntain Range, a chain extending ac ross  the  

c e n t e r  of t h e  moon's hidden face. 

on the e a r t h  and i s  u n l i k e  t h e  mountain formations c h a r a c t e r i s t i c  

, 

I 

I 
l 

It resembles t h a  g r e a t  ranges 

. of t h e  moon's f r o n t  face which s e e s  t o  be c i r c u l a r  c r i t e r  walls 

and d e p o s i t s  of debris formed by the  impact of la rge  me tao r i t e s  

on t h e  l u n a r  surface.  
c 

' ,  According t o  our  present ideas, t e r r e s t r i a l  mountains 

r e s u l t  f r o m  t h e  combined efzccts of eros ion  end wrinkl ing of 
8 

the ear th ' s  c r u s t ,  whi le  these mountain-buiiding fo rces  have 

--__ -..... ". _. 
. .. 
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SOLAR PHYSIC S 

One of bhe nast i n t e r e s t i n g  ques t ions  i n  solar phys ics  i s  

- t h e  manner i n  which energy is t ranspor ted  above t h e  su r face  of 
I 

i t he  sun t o  heat the chroinosphere and corona, 
I 
I 

We’kaow that  near  t h e  cen te r  of t h e  sun, where t h e  tempera- 
c. 4 

t u r e  i s  approximately 15 mi l l i on  degrees Kalvin, hydrogen i s  

converted i n t o  helium by a v a r i e t y  of nuc lear  r e a c t i o n s ,  We 

also know tha t  $he sun is a se l f -ad jus t ing  system w h i c h  expands 

o r  c o n t r a c t s  i n  o rde r  to maintain a precise balance between t h e  

energy generat ion at t h e  center  and the energy emission Z r o m  

the sur face .  

All r e g u l a r  mechanisms of energy t r a n s p o r t  can c a r r y  hea t  

only from a region of high t enpera ture  t o  a region of low tem- 

pera ture .  

of t h e  sun the heat generated by nuc lear  r eac t ions ,  

necessary  f o r  the temperature t o  fall cont inuously from t h e  

c e n t e r  t o  t h e  edge, 

f a l l i n g  from 15 mi l l i on  degrees at t h e  c e n t e r  t o  5800° a t  t h e  

Therefore,  i n  order t o  c a r r y  away from t h e  c e n t e r  

it i s  

This is i n  f a c t  t h e  case, t h o  temperature 

vis ible  edge of t h e  san. : 

However, above the visible edge, which is- called t h e  photo- 
i 

sphere ,  t h e r e  ‘lies a r e l a t i v e l y  tenuous reg ion  of gas wkich 
I 

c o n s t i t u t e s  t h e  atmosphere . of t h e  sun. This reg ion  

i n t o  t h e  chroinosphere, and aSove tha t ,  the borona, 

is divided 
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been much iess effective on tho moon. The markings of t he  

Soviet Mountain Range could have resulted from the running 

together of several obscured.but independent markings. Iiowevey, 

if they continuo to appear as a single range in later, more 

detailed pictures, we may have to revise our theories of l u n e r  
A. * 

structure. 

. ,  
- .  

. 
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' The puzzl ing f a c t  about these circumstances is t h a t  t h e  

temperature of t h e ' s u n  r i ses  aga i r i  from t h e  photosphere,  reaching 

a valtzo o f  1.5 to 2 m i l l i o n  degrees ir. tho corona. 0r.a of the 

burning qizestions of solar physics  is what c o n s t i t u t e s  t h e  source 

of the which produces t h e  very high temperatures in the 

I Also what i s  the mcchanism of energy t r a n s p o r t  

which can c a r r y  energy without a sp rec i ab le  losses through t h e  

dense gaseslof t he  photosphere arid yet undergo s t rong  losses 
I I 

I 

i n  t h e  tenuous reg ions  of  the corona. 
! 

A c u r r e n t  b e l i e f  i s  t h a t  a wave motion -- e i t h e r  a sound 

wave, a hydronagnetic wave, o r  a g r a v i t y  wzve -- carries energy 

upward frorn t h e  p3otosphero and d e p o s i t s  it i n t o  t h e  corona. - 

When a sound wave propagatcs i n t o  a region of decreasing dens i ty ,  

i t s  m p l i t u d s  inc reases  and it  w i l l  s teepen i n t o  a shock wave. 

This  i s  a mechanism i n  which considerable  energy d i s s i p a t i o n  

t a k e s  place. It appears t:-.zt hydromagnetic waves a r e  r a p i d l y  

damped out  below t h e  photosphere, b u t  i f  t hey  can be generated 

i n  t h e  region of t h e  chromosphere, then they  would no t  tend t o  

be d i s s i p a t e d  u n t i l  theewaves have reached t h e  corona. Magnetic 

d i s tu rbances  above the  photosphere nay be p a r t i c u l a r l y  e f f e c t i v a  

iru 'gencrating t h e s e  waves. 

r o l l i c g  motion similar to the waves GI? t h e  su r face  of t h e  ocean. 

These may, l i ke  sound waves, be geaerated by t h e  motions of 

Gravi ty  waves c o n s i s t  of a kind of 
/ 

I 
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i ( '  

( 1  
, I 1  

t~ convecting material in the transition layer; they will have - ,, * 

' I  
$ 1  

1 1  a: kertical cm&nent I *  I .  of, probagation 1 3  and I will be dissipated . I  
, ,  

1 1  
t i  
: I  
! I  ' I  

1 I * I  I 1  

I i n  tho coxona. j j  

I /  
It may be-that alli thkea of th'ese mechanisms are effec- ' 

f I 

tivs for the heating .of: the chromosphere and corona. If 
. 4  

1 ,  ' ; 

thj,? is the ea , there maybe a steady heating of the corona 

upon which is superimposedl a localized heating associated with 

kggnetic activity, !Llius: theiheatlng of tee corona is expecte 

I 

l 1  
I 

, I  1 ,  

This is 'observed in many phenomena. 'In particular, 

kd depend upon the :magnetic' structure in the outer layers of . I  
I I *  1 1  

the sun. 

id sunspot regions where the magnetic\ field strengths are 

higher than is normal on the sun's surface, both the chromos- 

phere and the corona have 'a higher than normal temperature. 

l 

1 :  . 
I 

I / 
romosphere and the corona is most I 1 

easily obkerved by-studying the ultraviolet emission from the 

sun, since in the ultraviolet region the amount of light 

emitted from the. photosphere greatly decreases, whereas the . 

higher temperatures in the chromosphere and corona are respon- 

sible for b\ t 1; e presence of large numbers of emission lines. 
The most important emission lines are due to hydrogen and 

I 

1 

I 

I 

. 
I 

I 

I 
j 

,- 

to understand solar, surface physics in more 
t' 

! 

, J '  

to obtain observations of the time 
8 

I 

\ i  bc' 

f 
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v a r i a t i o n s  of t hese  emission l i n e s  as i n d i c a t o r s  of the 

t i m e  v a r i a t i o n s  of  behavior  i n  t h e  chromosphere and coxona, 

1';. 
1 1  II 

I The f i r s t  exparimento in this direction were very  
I 

s uccess fu l ly  ,accomplished by the ' f l i g h t  of the first Orbi t ing  
I 

Solar  Obser 1 a t o r y ,  which was  launched on March 7 ,  1962. It 
I 

gay9 .'several months of da ta ,  cont inuously monitoring a number 
. *  

I 1 '  . of d i f f e r e n t  wavelength regions f o r  emission from t h e  sun. . I  

' t . '  

P a r t i c u l a r l y  i n t e r e s t i n g  a r e  the data f o r  the time 
I 

7,- 

i n t e r v a l  11th through 22nd of March, 1962. A t  t h e  beginning 

I of t h i s  per iod t h e  sun was i n  an except iona l ly  quiet condi t ion ,  . I 

' b u t  as t h e  per iod  progre ed t h e  sun became more and more a c t i v e ,  
I 

u n t i l  on March 2Pnd there was a f l a r e ' o f  importance 30 

ments revealed that  t h e  Lyman alpha l i n e  of He I1 a t  304 a 
increased  by some 33% during t h e  i n t e r v a l ,  and dur ing  t h e  

f l a r e  i t s e l f  t h e  l i n e  increased by an a d d i t i o n a l  14%. The 

l i n e s  of Fe XV a t  284 2 and Fe XVI.at 335 2 a l s o  increased i n  

Experi- . 
. .  I 

I I 

/ t ,  

t 

! 
( 

* I  
1 

. .  .- . 

. ,  

* 
i n t e n s i t y  by a f a c t o r  of  four. At longer  wavelengths, the 

Lyman alpha l i n e  of hydrogen was observed t o  inc rease  i n  

i n t e n s i t y  by 6.8% during t h e  f l a r e .  

Very i n t e r e s t i n g  r e s u l t s  were a l s o  obtained i n  the  x-ray 

rekion,  1-10 go 
which was 

During t h e  q u i e t  per iod a f l u x  w a s  observed 
! I 

l 

360 t imes the t h e o r e t i c a l  background which would be ! 
1 ! 

1 ,  

obtained from a-..cogona -. at a temperature o f  1.8 x lo6 *KO This 'I + 
r 

1 

I 
. . *  

* ,  . .  

/ 

I 
' I  , 





X-RAYS AND G A l W  RAYS 
I 

The space research  program i s  no t  confined t o  the d iscovery  . 

. .  l i  I 

1 :  I - 
1 .  important p. :: , oppor tuni ty  for t h e  a s t r o p h y s i c i s t  t o  extend h i s  know- . 

of new f a c t s  about the s o l a r  system. It a l s o  r ep resen t s  an 
I 

ledge of more d i s t a n t  p a r t s  of space through observa t ions  a t  

wavelengths for which photons do not  p e n e t r a t e  through the atmos- 
I *  

3 .  

t 

I @here. The p r i n d i p a l  regions involved a r e  the x-ray and gamma 

! ray  region, the u l t r a v i o l e t ,  the inr'raxed, and long wavelength 

, ' r ad io  waves. 

I 
" 

I .  
I 

I I  
! !  

- J  I 

, I  

The e a r l y  rocket ar,d s a t e l l i t e  measurements of 
1 . .  

'x-rays and gamma r a y s  have b e e n d p a r t i c u l a r l y  i n t e r e s t i n g  t o  

p h y s i c i s t s  because'  they suggest s e v e r a l  p o s s i b l e  new types of 

phenomena i n  space:. i I 

. .  
g a k a ' r a y s  can be produced by a v a r i e t y  of high 

1 

' energy proc s, These processes  inc lude  c o l l i s i o n s  between 

, : h igh  energy nucleons which can create n e u t r a l  pions,  which i n  

. - 

I s .  

. : '  t u r n  decay t o  g ive  gamma r a y s  exceeding 50 mev i n  energy. Fast  
* I  

I I 
e l e c t r o n s  can produce x-rays or bremsstrahlung when t h e y  pass  

I. 

. I  * close t o  a nucleus,  ! Fa'st e l ec t rons  can also 'collide w i t h  
! 

. .  photons of v i s i b l e  ' s t a r l i g h t  'and inc rease  the energy of the . 
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should e m i t  c h a r a c t e r i s t i c  gamma r a y  ene rg ie s  

I . ,  

I. 

then  

i 

some of them. 

which might be detected', If pos i t rons  are produced i n  dense 

. r e g i o n s  of matter, such as stellar s u r f a c e s ,  then  upon being slowed 
I 

down an&* dnnihibated they w i l l  emit  the characteristic gamma r a y s  

of d451 mev energy. 

and are slowed 

hydrogen tha t  il p r e s e n t ,  then  these w i l l  provide characteristic 

capture  gamma r a y s  w i t h  an energy of  2.31 mev. 

b.2,' i * 
If neutrons are produced near  s te l lar  s u r f a c e s  

own and captuted Sy t he  gverwhelmingly abundant I I.!  

I .  . I ,  

i I  I d i  ' 

j !  

Fina l ly ,  we may 

$ '  

' : I ;  
I. ' 

note  that  i f  objects should e x i s t  i n  space wi th  s u r f a c e  temparatures 

e l v i n ,  then photons i n  the x-ray 

rmal processes  from their su r faces ,  
I 

now e x i s t  of the f l u x e s  of x-rays ~ 

and gamma r a y s  i n  a number of d i f f e r e n t  energy i n t e r v a l s .  

g e n e r a l  background o 

A . 

r ays  of a f e w  kev energy w a s  observed i n  

' *  i 
: ,  a rocket f l i g h t  by R. Giacconi, H. Gur,sky, F. R. P a o l i n i ,  of 

I 1 :  

American Science and Engineering, Inc. ,  and B. B. R o s s i  of the I 
1 ~ 

Massachusetts I n s t i t u t e  of Technology. A gene ra l  background . . I 

r a d i a t i o n  af gamma rays  i n  the region nea r  1 mev energy w a s  

measured i n " t h e  Ranger 3 f l i g h t  3 y  J. R. Arnold of the Univers i ty  

I . .  
1 

, .  

r; 
Of C a l i f o r n i a ,  LaJo l l a ,  A. E. Metzger, of  the C a l i f o r n i a  t 

! 
I n s t i t u t e  of Technology, and E. C. Anderson, and.M, A, Van D i l l a ,  

Los Alamos, 
s . '1 

A s m a l l  b u t  still s i g n i g i c a n t  f l u x  of gamma rays  . 
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. e . '  

1 'I 

I I .  

I 1 

I ;  

I j ,  8 '  

' w i t h  energ ies .exceeding  50 M e V  was observed w i t h  the Explorer X I  
I I ,  1 ; I 

gamma ray  satellite by W, 1;. Kraushasr and G .  W, Clark  of the 

Massachusetts I n s t i t u t e  or' Technology, 
1 :  ; 
' i 

( I  : ' 
.' I *  + . A number of attempts have been made to exp la in  the presence 

M o s t  mechanisms t h u s  , .or' th&e background ,x-rays and gamma rays ,  . 
I . ' ,  l i : *  . ,  
V i '  I .  

I ? i f a r  examined appear ; q u a n t i t a t i v e l y  inadequate t o  exp la in  the 

I .: I : ;  ",observed , f luxes .  'one promising explanat ion i s  due t o  J. E. Felten 
1 1  . 
j f  ; 

: I  8 , 

j L . 1  

- - / I :  
I 1  

- , I  i ' 

and P. f iorr ison 02  Cornel l  Univers i ty  who suggested the impor- 

t ance  of the inve r se  Cornpton er'r'ect i n  which the high energy elec- 

s m i c  rays  co l l ide  w i t h  photons w i t h  ener- 

e l ec t ron  v o l t  which a r e  emi t ted  from s t a r s ,  

e photons can e a s i l y  be r a i s e d  t o  

d gamrna .ray energies ,  depending upon 
I 

i t h  w h i c h  t hey  col l ide,  Calcu la t ions  

cd on t h i s  effect. (Figure 9) A flux 

l o  reg ion  or' our  ga l axy ' i r '  the  ob- 

, 

. 
1 

. I . ,  

! I (  

. ! I  servLd f l u x  or' high energy e l e c t r o n s  at: the p o s i t i o n  of the e a r t h  
. ,  
1 .  

exis t s  throughout t h i s  large'  o u t e r  region of the  galaxy, Elec t rons  

i n  t he  h a l o  f a i l  t o  account for  t h e  oqserved x-ray and gamma ray 

* '  I 

. I /  
I1 

! I 

i' I 
i '  

* 1 f luxe,s  by some 2& orders of;magnitude. However, i f  it w e r e  to  be 

I I  assumed t h a t  the  high energy e l e c t r o n s  ' a re  p re sen t  throughout a l l  
1 

I :  ! ' 0  

I of sdace w i t h  the s a d  i n t e n s i t y  withiwhich they a r e  observed near I 

t * 
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the  ea r th ,  t h e n  a background or' some 30,000 t i m e s  t h a t  which 

would be produced wi th in  the  g a l a c t i c  h a l o  would be observed. 

EVidenfly, such h igh  f l u x e s  or' e l e c t r o n s  cannot e x i s t  throughout 

a l l  or' space. 

expected t o  g i v e  a background of x-rays and gamma r a y s  which fits 

the observa t ions  very  nicely.  

One pe r  cen t  of such a f l u x  of e l e c t r o n s  can be 

A. .' '.. I)  
* 

However, perhaps t h e  most i n t e r e s t i n g  ques t ions  concerning . 

t h e  c e l e s t i a l  x-rays have been r a i s e d  through the discovery or' . 

discrete sources  by Rossi and h i s . d o l l e a g u e s  and by H. Friedman, 

S. Bowyer, T. A. Chubb ,  and E. T, Byram of the Naval Research 

Laboratdry. B o t h  groups have observed a s t rong  x-ray buurce i n  

Scorpius which i s  no t  coincident  w i t h  any conspicuous object. 

- -  .' 

Friedman h a  is object i s  a neutron s t a r  having ~ 

a s u r f  t r a 1  m i l l i o n  degrees and t h a t  t h e .  

x-rays are due t o  thermal  emission f r o m  t h e  sur face  l a y e r s ,  

R o s s i  and h i s  co l leagues  have determined from atmospheric absorp- 

t i o n  measurements t h a t  i f  the Scorpius source h a s  a thermal 

spectrum i t s  temperature i s  approximately 8 x lo6 OK. Friedman 

and h i s  co i leagues  have also: observed x-rays from t h e  d i rec t ion  

of t h e  Crab Nebula, the remnant or' the supernova explosion or' 
f 

11054 A. D. (Figure 10) 

1. Neutron s t a r s  a r e  hypothe t ica l  objects which form one c l a s s  . 
w - -  ~ - -  'othex c l a s s  be ing  the degenerate whi te  of degenerate  s t a r s , ' t h o  othex c l a s s  be ing  the degenerate whi te  

I 
I 

I 
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0 '  
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I 

stars, w h i c h  are observed. ; A  t y p i c a l  d e n s i t y  f o r  matter i n  
I 

* * '  **I I 
I 

j 'a w h i t e  dwarf s ta r  is lo6 g m / c m  3 , and khe e l e c t r o n s  form a degen- 
I I 

I 
I 

: 
! *  

. .  

erate gas w h i c h  e x e r t s  s u f f i c i e k t ' p r e s s u r e  t o  maintain the stars 

g g a i n s t  f u r t h e r  cont rac t ion .  I f  mass were t o  be added t o  such 

a star, the c e n t r a l  reg ion  would have t o  Secome denser i n  order.- 

I 4 ,  I 

A. 4 I *  

I 
. 

i to supply the a d d i t i o n a l  pressure requi red  t o  suppor t  the. . . ' . .  
4 ,  

a d d i t i o n a l  mass., There is a r e l a t iv i s t i c  upper l i m i t  to the mass 

of w h i t e  dwarf stars, ?but before t h i s  l i m i t  is reached, the 

e n e r g i e s  of the degenerate e l ec t rons  have becoae so high tha t  the 

n u c l e i  are forced  to unde m u l t i p l e  e l e c t r o n  capture  r eac t ions ,  

and the n v c l e i  d i s s o l v e  mainly i n t o  neutrons,  w i t h  only enough 

p ro tons  and e1e;ctrons left '  t o  prevent the neutrons from under- 

' , I  
iq2i 

I .  

, - 

* 

I 

I 
, . I ! 

! :  I 
i '  t I going t h e i r  u sua l  mode bf 'decay i n t o  e l e c t r o n s  and protons.  

i q i  'i 
I .  A t  lo1' gm/cm3 or more,. dens i t ies  comparable t o  those i n  the 

!.I./ , '  ' 1  
I i  * atonic nucl&us,, t h i s  neutron-rich nucl'sar matter i tself  becoines . , , 

' 4  I i  
I . '  

> " . '  degenerate ,  and it is  expected t h a t  stable stars could be con- i :  1 I . s t r u c t e d  of it, Such stars may be formsd i n ' t h e  c e n t r a l  regions 
i I '  

' I  

. I  a i I s  1 . .  * 

, I  1 4 

of more massive stars when th;ese stars undergo supernova I , i .  
! ! , explos ions  and b l o w  off m o s t  of t h a i r  m a s s .  Recent work by 
I t  f 

D, Morton of Pr ince ton  Universi ty ,  E. E. Salpeter of Cornel l  I 

! 
? 

. Univers i ty ,  K. Y ,  Chiu, . 'S. ... T s u r u t a ,  and A. G. W, Camexon of the 

Goddard. Ins  d t u t e  for Space Stui1:ies i n d i c a t e s  that  the s u r f a c e  . 
C 

'I 
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1 %  

1 :  i I I : ,  suchlstars are formed with central tempyratures over 10  OK, as * i  I 

asure of a n 

ders of magnitude below lits central temperature. 

tron s t a r  is likely'lto l i e  between one and 
I 

Thus, i f -  
, , 9 

1 :  
~ . , '  

8 '  1 , 1 ,  would l ikely be produced i n  a supernova explosipn, then their  
?. 0' i ; ,  1 :  I . .I I 

, I  

" I i !  surface temparatures are l i k e l y  t o  be Tany millions of degrees '1. j I I I ' ,  
8 1  I 

I 
I 1 j 4or several thousand y.ears. j 
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FIGURE 1 
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Geoi;d heights (in meters) relative to an ellipsoid with 

a flattening of 1/298.3: 

negative anomaly in the Indian Ocean and a positive 

anomaly centered near Indonesia and the Philippines. 

(from MacDonald, G, J, F,, Science, 143, 923 (1964)) 

Major features include a 
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FIGURE 6 

Robert J a s l  row 

Ex>lo,-er 12 measurements S:iGWing t h e  abrupt term: 9 na- 

- .  
ti03 or' the  geoaaynetic z i e l d  a t  t h e  ,magnetopause: 

? is t' i le magnitude of tke i-iisgriekic f i e l d  and a and 

I$ xefer to its' d i r e c t i o n .  Within the magnetosphere 

t k e  r ' ield i s  c l o s e l y  describcd by the h igh  a l t i t u d e  

ex txapola t ion  or' t h e  earth ' s approximately d ipo le  -' 

._ f i e l d ,  S ~ G W I I  a s  ?the s o l i d  curvz .  Outside t h e  magneto- 

p a ~ s e ,  wUch o'ccurreii at G.2 ri, & dur ing  t h i s  f l i g h t ,  

t h e  f i e l d  is v a r i a b l e  i n  r;.sg!iitude and d i r e c r i o n .  
- 

, .. 
I :, : 

(4xon C a h i l l ,  L.2. and P.G, Anazeen, Jou rna l  
os' Geophysical Research, 68, 1841 (1963) 

I 

. .  I 



c-3 
L' 
c;? 

(-3 
L! u 

Y O . ,  , 
. ,. 

f." . . .: . .  

I 

. .  
0 
bw 

' I' 
, 

'I 

, 

. 



. - 

Robszt Jastrow 

Zxplorez da ta  s 'nowinc ;  t ; 1  e s5rwpt L ~ermlnation or' 

t h e  x s g n e t i c a l l y  t rapped  p a r t i c l e  be l t s  at the nag- 

netapailse. The l o w a s t  Eetzctor  1aSled 213 A, recor dS 

pause 6uring t h i s  flight. 

(r"xor~ Frank, L.A., J.3. Van Al len ,  and E. Macagno, 
Jou rna l  or" Geophysical Rcsearch, 68, 3545 (1963) *' 
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FIGURE 8 

The geomagnetic*cavity in the solar wind. 
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Data on hard photon fluxes i n  space, compared w i t h  t heo re t -  
I 
: I  i c a l  r e c o i l  spec t r a :  ' T h e  da t a  p o i n t s  a r e  a s  p l o t t e d  by 

Fe l ten  and Morrison. - 

s c a t t e r i n g  i n  our  g a l a c t i c  ha lo ,  

flux 300 times grea te r ,  b u t  s t i l l  two' o rde r s  of magnitude 

less t L a  would'be obtained i f  the e l e c t r o n s  i n  our  

i s  
i l  
! :  

! * .  : :  Fh is t h e  expected con t r ibu t ion  from 
. '  , 
, i  f . 

The upper l i n e  shows a 
I .  

t i  I 

i . .  I 

i 
i 
i 
1 ;  g a l a c t i c  

I 
I 

! 
1 ,  
1 
I 

I: 

! '1 
i .  

' I  

' !  

.. 
halo extended thr*oughout t h e  i n t e r g a l a c t i c  space. 

(from Felten, J . E .  , and P. Morrison, Phys ica l  . 

R e v i e w  L e t t x y s ,  0 10, 455, Q 9 6 3 ) .  
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FIGURE 10 

.. . .  

scans across Scorpius region: Numbers Tracks of e ight  

along tracks  are counts per 0.09 second interval .  The . . .  
,- I :  

dashed circ 0 equal intensity con- . I .  
tours and indicate  a central  i n t e n s i t y  peak of 400 C.P.S. 

.,a = 16 h 15 m, 6 = - 15'. 
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(frorn'Bowyer, S . ,  E.T. Byram, T.'A. Chubb, and 
H. Friedman, Nature; 201, 3307 (1964) 
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